Abstract: Aryl-14-H-dibenzo[a,i]xanthenes were synthesized efficiently by one-pot reaction of β-naphthol, aldehydes and 2-hydroxy-1,4-naphthoquinone in the presence of silica-bonded N-propyl sulfamic acid (SBNPSA) at 120 o C without solvent. All products were characterized by 1 H NMR, 13 C NMR, MS techniques and elemental analysis.
Introduction
The synthesis of xanthene derivatives, particularly of benzo-fused xanthenes, has attracted considerable attention by chemists because of their biological and pharmaceutical properties, these compounds possess anti-inflammatory 1 , antiviral 2 and antibacterial 3 activities and antagonists for the paralyzing acting of zoxazolamine 4 . Furthermore, these compounds can be used as dyes 3 , pH-sensitive fluorescent materials for visualization of biomolecules 5 and utilized in laser technologies 6 . Thus, the synthesis of xanthenes derivatives currently is of much importance. Various methods 7 have been reported for the synthesis of these compounds. Considering the above reports, the development of new and simple synthetic methods for the efficient preparation of new dibenzo [a,i] xanthenes is therefore an interesting challenge.
In recent years, the search for environmentally benign chemical processes or methodologies has received much attention 8 . Heterogenization of homogeneous catalysts has been an interesting area of research from an industrial point of view; this combines the advantages of homogeneous catalysts (high activity, selectivity, etc.) with the engineering advantages of heterogeneous catalysts (easy catalyst separation, long catalytic life, easy catalyst regeneration, thermal stability and recyclability) 9 . o C). We now report a simple and efficient route to synthesis of aryl-14-H-dibenzo[a,i]xanthenes using SBNPSA as a an efficient catalyst under solvent-free conditions (Scheme 2). 
Experimental
NMR spectra were determined on Bruker AV-400 instrument at room temperature using TMS as internal standard, coupling constants (J) were measured in Hz; IR spectra were determined on FTS-40 infrared spectrometer; Elemental analysis were performed by a Vario-III elemental analyzer; Mass spectra were taken on a Macro mass spectrometer (Waters) by electro-spray method (ESIMS); Melting points were determined on a XT-4 binocular microscope and were uncorrected; SBNPSA was prepared according to literature 10 ; Commercially available reagents were used throughout without further purification unless otherwise stated.
Preparation of SBNPSA catalyst
SBNPSA was prepared by the reaction of 3-aminopropylsilica and chlorosulfonic acid in chloroform. To a stirred mixture of 3-aminopropylsilica in dry chloroform, chlorosulfonic acid was added drop wise at 0 o C. HCl gas evolved from the reaction vessel immediately. Afterwards, the resulting mixture was stirred until HCl gas evolution was stopped. After completion of the reaction, the reaction mixture was filtered and then washed with ethanol to remove the unattached substrates. The thus obtained precipitate was dried overnight under reduced pressure at 40 o C to afford SBNPSA 10 (Scheme 1).
General procedure for the preparation of 4
A mixture of β-naphthol (1 mmol), aldehyde (1 mmol), 2-hydroxy-1,4-naphthoquinone (1 mmol) and SBNPSA (200 mg) was heated at 120 °C for an appropriate time and monitored by thin-layer chromatography (TLC) until the final conversion. After cooling, the reaction mixture was washed with CHCl 3 and filtered to recover the catalyst. The solvent was evaporated and the crude product purified by silica gel column chromatography using CHCl 3 as eluent to afford the pure product. 
14-Phenyl-14H-dibenzo[a,i]xanthene-8,13-dione (4a)
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Results and Discussion
Initially, we conducted the reaction of β-naphthol, benzaldehyde and 2-hydroxy-1, 4-naphthoquinone in the presence of SBNPSA at different temperatures under solvent-free conditions. The corresponding aryl-14-H-dibenzo[a,i]xanthenes was synthesized, The results were summarized in Table 1 and showed that the reaction using 5 mol % SBNPSA at 120 o C proceeded in highest yield.
Next, to optimize the amount of catalyst and the reaction temperature, the reaction of β-naphthol, benzaldehyde and 2-hydroxy-1,4-naphthoquinone was studied under solventfree conditions in the presence of SBNPSA at different temperatures. The results were summarized in Table 1 and showed that the reaction using 200 mg/mmol SBNPSA at 120 °C proceeded in highest yield.
With this optimized procedure in hand, the scope of application of this threecomponent reaction was examined using different aldehydes as staring materials. As seen from Table 2 , the structures of the products were established from their spectral properties (IR, 1 H NMR, 13 C NMR and elemental analysis). In these experiments the catalyst was isolated by filtration and could be recycled up to three times without significant loss of activity. When this reaction was carried out with an aliphatic aldehyde such as butanal or pentanal (Table 2), TLC and 1 H NMR spectra of the reaction mixture showed a combination of starting materials and numerous products, the yield of the expected product was very poor.
Chem Sci Trans., 2013, 2(S1), S309-S315 SBNPSA works under heterogeneous conditions, but its reaction centers are highly mobile, as in a homogeneous catalyst. It is an inexpensive and nonhazardous solid acid catalyst. It can easily be handled and removed from the reaction mixture by simple filteration. The recovered catalyst was reused consecutively 5 times with a minimum of variation of the yields of the products. This reusability demonstrates the high stability. The simplicity, together with the use of an inexpensive, nontoxic and environmentally benign catalyst under solvent-free conditions, is another remarkable feature of the procedure.
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A tentative mechanism for this transformation is proposed in Scheme 3. We proposed that the reaction proceeded via a reaction sequence of condensation, addition, cyclization and dehydration. First, the formation of the intermediate (5) was based on the Knoevenagel condensation between β-naphthol (1) and aldehyde (2), the addition of (5) to (3) leading to the formation of (6), which on intermolecular cyclization gave rise to (7). In the last step, the intermediate product (7) undergoes dehydration to affords the corresponding products (4a-4i). 
Conclusion
We have developed a novel and highly efficient method for the synthesis of aryl-14-Hdibenzo[a,i]xanthene-8,13-diones by treatment of aromatic aldehydes, β-naphthol with 2-hydroxy-1,4-naphthoquinone in the presence of SBNPSA as catalyst. The significant advantages of this methodology are high yields, a simple work-up procedure, cleaner reaction, and easy preparation and handling of the catalyst. The catalyst can be recovered by filtration and reused.
